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TABLES AND) FORMULAS. 


This volume contains all the principal Tables, Rules, and 
Formulas occurring in the Instruction Papers of the Course. 
They have been collected and placed in this volume in 
order to make them convenient for ready reference, so that 
the student will not be obliged to search the Instruction 
Papers to find them. : 

The various Rules and Formulas are here grouped under 
the titles of the Instruction Papers in which they occur. 
Following each rule and formula are its number and also 
that of the article of the Instruction Paper in which it is 
discussed. Although these numbers do not run consecu- 
tively, they may be readily found in the text by noting to 
what Instruction Paper they belong. Thus: on page 26 of 
this volume, we see that the formula for ‘‘ Horsepower of 
Gears” is followed by ‘‘Art. 557.” Turning back the 
pages, we find that this formula occurs under the heading 
‘¢Formulas Used in Mechanics.” Therefore, in Art. 557 
of the Instruction Paper Mechanics, we shall find the discus- 
sion of the formula referred to. 


Digitized by the Internet Archive 
In 2023 with funding from 
Kahle/Austin Foundation 


https://archive.org/details/elementsofmarineO0004vari 


TABLES. 


SPECIFIC GRAVITIES AND WEIGHTS 
PER CUBIC FOOT. 


METALS. 
Substance. i: ue ' i. Culse Foot 
in Pounds. 
AGIA Rei 8 ple ce a 23.00 1,437:5 
PIGAEINZ NS UR Saenger ae 21550 1,343.8 
ENS hier ae saps i 1 ae a 19.50 1,218.8 
BRS ReE yeas Werks cere 6 Sg ond OR oss 13.60 850.0 
egal CASE Ma Me no. Sete wn oes et e235 709.4 
RUMI A Seba earan oa s cicises ee aah d 10.50 656.3 
WOPPEE COS! Nin Antal taka cc cerns oe 8.79 549.4 
toe cee SG ee ek wes 8.38 523.8 
BE ORCA G FL OTN Sie den hsisiw e's end os tetas 7.68 480.0 
ESS AIS 2 a Wore 450.0 
SLES a Ria 8a ene Regt ig seat ne ag 7.84 490.0 
LUNN 2S SS ee eee 7.20 455.6 
eROPORCASE YS ee Pomdis8S Yon uh spe 8 Sp av 6.86 428.8 
an SG (ar ee ne 6.41 419.4 
JW ESTING We Re See ee 250 156.3 
WOODS. 
Substance oe Cae Ree 
' , pr avity, in Pounds. 
US Meter satay chkayet se 8 Shas. ey alate 'et's"s. Sess sts 0 845 52.80 
OES ad Tg ME Gh a 1052 53225 
ee EEN See et bre Ne og tai rings Seidel e tal o© 561 35.06 
CITE Sst be Se -240 15.00 
BU Omiya A PROTICAN Ve st 216)2is%0 a 8 Gs wee ice a 83.19 
TE OAANCNAC ES Sir be sivGa alles v4 1.333 83.30 
Rien eae es tA eit ss each 2 Ciels 2 T* -750 46.88 
AMOI stearate oe 6s Koki ite eit ss 1.170 42.10 
EMCClE Dr Seta ies sons ae nltca wre es 500 31525 
MP faMe VC PLOW Weise ereiiat isn. 2 tere emis eo 3 .660 41.20 
Wen Wile Penmt wapte neds: Seema! 6s IRE 34.60 
UA EUN ECD HO oI BE ior Omen ie mae mein rer G7 T 41.90 


2 TABLES AND FORMULAS. 


LIQUIDS. 

Weight 
Specific per 

Saber anee. Groat. Cubic Foot 

in Pounds. 
AceticvAcidt en lic ae tae) eee 1.062 66.4 
NitriezAicidh.te os... cid sax See 1.217 76.1 
Sulphttic Acil+e 6. aus aad acre 1.841 EIR ot 
Miriaticancidh: ji 6 ae ee Sees eee 1.200 75.0 
DICOODy sh Sie aemeokec ale ome oka narareras .800 50.0 
Mar Dentin es. vam iin vite enero .870 54.4 
ea) Waters (ordinary) << sense te toed 1.026 64.1 
Milks 5.5.5), oS aichaw tee eee cae aneet 1.032 64.5 

GASES. 


At 32° F., and under a Pressure of One Atmosphere. 


; Weight 

Substance. Gfavity. | Cable Foot 

in Pounds. 
AE MROSPHETICCAIL! cae ea eee ee 1.0000 | .08073 
Carbonic A cidle rae: Grea cee eee 1.5290 | .12344 
Carbonic; Oxides 5c fee sae ene .9674 .07810 
CRIORING 2 au 3. Bee hee ae eee ee 2.4400 .19700 
ORY. 9 OTIS wo le vical ee eee ee 1.1056 .08925 
INTEEO SENS erate ts een eee ee -9736 .07860 
Smoke (bituminous coal)............ . 1020 .00815 
Simoke(Woodye sc. | ees eee eee .0900 .00727 
toteameats? bag Li t3) waves arene .4700 .03790 
ELydrogens. fag econ. aed am enema weet .0692 .00559 


* The specific gravity of steam at any temperature and pressure com- 
pared with air at the same temperature and pressure is 0,622. 


TABLES AND FORMULAS. 3 


MISCELLANEOUS. 
— 
nen Weight 
e€cinc er 
Se Cea Cuble Foot 
{ in Pounds. 
Rent Ar Weir or cou SS amy «3. 4.00 250 
Eo ESS EMSC 0S) ne a 2.80 175 
SENS a rain ey a a 2.78 174 
REEMA OC Peretee ie t P de Bae aeuaig sos 2.65 166 
1 WE Wag oY 2 ete a Se ee ee Seige. 2.70 169 
Et Re COMMING TN) 210). crys «os. a = 2.52 158 
Sten COON Tete) st ke ea 2.13 133 
Pe MC ORUNEOT Foe race ores £5 oh noch 2 a 1.98 124 
Slater ke ce ce 1.93 121 
DIST SSS ee ae 1.90 118 
Plaster, Paris(average) ia. 5. s. 53. 3s 2.00 125 
SNC rs ERE Ee he aaah Ae ar 1.80 113 
COEFFICIENTS OF FRICTION. 
: se Coefficient 
Description of Surfaces Disposition | State of the of 
in Contact. of Fibers. | Surfaces. Reietion: 
MAO IRs 2S nes ost Bes Parallel Dry 48 
ES OCn G0: 2 te nei ae ac a Parallel | Soaped 16 
Wrought Iron on oak...... Parallel Dry 62 
Wrought Iron on oak...... Parallel | Soaped cat 
St PrOM-On OaKin. J. owes Parallel Dry 49 
Crease On Oak. .%,. sien sas Parallel | Soaped 19 
Wrought Iron on cast iron. . — Bey 18 
Unctuous 
lightl 
Wrought Iron on bronze.... caves 18 
Unctuous 
Slight] 
Cast rom on-cast iron... + -.«. SS es = me 15 
netuous 


4 TABLES AND FORMULAS. 
TENSILE STRENGTHS OF MATERIALS. 
Breaking Stress Working Stress 
Materials. in Pounds per Square | in Pounds per Square 
Inch. Inch. 
[Rit DCE AE aaa 10,000 600 to 1,200 
Castnlron se. ae 16,000 1,500 to 3,500 
WroughtIron 2... 50,000 5,000 to 12,000 
LOE Luxametia meee tren 70,000 6,000 to 13,000 


CRUSHING STRENGTHS OF MATERIALS. 


Materials. 


Crushing 
Strength in 
Tons per 
Square Inch. 


Cast Iron 


Wrought Iron 


Mild Steel 


Cast Copper 
Cast (Brass <= oc pine ke aeons cee 
Timber (dry) 


Brick 


Or or 


SHEARING STRENGTHS OF MATERIALS. 


Greatest Shearing 


Safe Shearing Stress in 


Materials. Stress in Pounds per 
Square Inch. Pounds per Square Inch. 
Castoleonesresetes.e 18,000 1,500 to 3,000 
Wrought Iron..... 40,000 4,000 to 10,000 
SCC... / seen tee 60,000 0,000 to 12,000 


TABLES AND FORMULAS. 


CONSTANTS FOR LINE SUE OSES 


Meetial of Shark: No Pulleys Pulleys Between 
Between Bearings. Bearings. 
Steel or Cold-Rolled Iron 65 85 
Wrought Iron.. 70 95 
CASE ROM > 5 ota cecsts ctr 90 120 


CONSTANTS FOR WROUGHT-IRON PILLARS. 


When One End 
When Both of the Pillar ine ne 
: 5 Ends of the jis Flat or Fixed ee OE UNS 
- f Pillar. y : E 
eee nt Baler Pillar are Flat | and the Other ilar as 
or Fixed. | Round or Round ot 
Movable. Movable. 
eo 
Round. 2,250 1,500 1,125 
dj }-d4 
UI 3,000 2,00 1,500 
Rectangle. hs sy i 
}—-d-4 2 
yuma "Thin square 
nn oe : 6,000 4,000 ~ 3,000 
— u €. 
k—d-+ : 
| | ‘Thin Round 4,500 3,000 2,250 
Tube. 
|—-a : 
a 1,500 1,000 750 
Equal Sides. 
ea en 
igi Cross with 1,500 1.000 150 
ba Equal Arms 
bd A A 
00 é 11,500 X——— 
TL I Beam. 3, 0x GpP000x ao ALB 


6 TABLES AND FORMULAS. 


CONSTANTS FOR CAST-IRON PILLARS. 


When Both 
Cross-section of Pillar. ee oe 
or Fixed. 
Fe 
> Round 281 625 
Square or 
375 
Rectangle. 
Thin Square i 
Tube. 120; 
Thin Round 
Tube. 562.9 
Angle with . 
; The 
Equal Sides. 
Cross with 187.5 
Equal Arms. 
bd = A 
I Beam. oo ALB 


When One End 
of the Pillar is 
Flat or Fixed, 
and the Other 
Round or 
Movable. 


500. 


When Both 
Ends of the 
Pillar are 
Round 
or Movable. 


140.625 


93.75 


TABLES AND FORMULAS. 


v4 
CONSTANTS FOR WOODEN PILLARS. 
When One End 
When Both | of the Pillar is he ks 
Cross-section of Pillar. Ends of the | Flat or Fixed, a a 
Pillar are Flatland the Other psi ae: 
or Fixed. Round or Round 
Movable. or Movable. 
pee 
@) Round. L725 125. By 105) 
SF, 
Square 
or Rect- 250. 166.66 Io: 
angle. 
Hollow 
Square a 
ye aect 500. BoOLoS 250. 
Boards. 


CONSTANTS FOR TRANSVERSE STRENGTH OF 


BEAMS. 
Safe Trans- Safe Trans- 
verse verse 
Materials. Strength in Materials. Strength in 
Pounds. Pounds. 
Metals: Woods 
et EOS 34 alee 100 | Sol gs 0Wie ern weer 35 
Wrought Iron... 150 Tila etx eee 25 
Structural Steel. 160 PNG Het operant oe AB 
SOUP eo ese 4 50 Dec nas + ous: 30 
GASSES tos oor 55 PUTOK OEY ice seaue 50 
MAO R cy sthia- cores 60 
Oak (American). 45 
Pineat Pitch) ..6 40 
Pine (White). . 30 


\ 


TABLES AND FORMULAS. 


THE PROPERTIES OF SATURATED 


STEAM. 
| ‘: es : Quantities of Heat in British oI 
23 e Thermal Units. | be Mares 
ame ox. ran 
a | § Ee oe . pope a. fae ae 
> n el 5 ee ore ‘= 
loons Outer ae S Sa | 23 jogos 
Su & 80 ae a) v= & oF OB gl 
SE ected) Mecsas e a | ge Ieowe 
een ect bee 3 eH. J 68 tee 2 
Baa alee) ee - 28 | 85 |gees 
2 ey = acs 2 gc) Ee a ao, by Peete ere 
nD g Spee ra rae seh Bide Or8 
ryote hres coe 3 5 iS ase eee 
Py > eae a = Fe GO fle see 
I 2 3 4 5 6 Ti 8 
p : q Ie II W V R 
I |102.018] 70.040/1043.015 | 1113.055].003027 | 330.4 | 20623 
2 |126.302| 94.368/1026.094 | 1120.462|.005818 | 171.9 | 10730 
3. |141.654/109.764)1015. 380 | 1125.144|.008522| 117.3 | 7325 
4A \153. 122020227 1|POo7.370 | UI28. OAT OnRE,2y OOn5E 5598 
5 |162.370|130.563)1000.899 | 1131.462|.013781 | 72.56 4530 
OMT 7 04073) oe 4OUlm Ooh. 44 heer Aeel Osmo let 3816 
7 |176.945|145.213] 990.695 | 1135.908|.018908 | 52.89 | 3302 
8 |182.952/151.255| 986.485 | 1137.740].021436 | 46.65 2912 
g |188.357|156.699| 982.690 | 1139.389].023944 | 41.77 2607 
IO |193.284/161.660| 979.232 | 1140.892|.026437 | 37.83 2361 
Ir |197.814/166.225] 976.050 | 1142.275|.0289I11I | 34.59 2159 
12 |2O2107 2/1 7.05 Ay TsO, 3. O0ont Lb ees tin Oi 271Ode amo 7 1990 
13 |205.929/174.402| 970.346 | 1144.748].033828 | 29.56 1845 
14 |209.604/178.112| 967.7571 1145.869|.036265 | 27.58 1721 
14.69 |212.000|180.531| 966.069 | 1146.600|.037928 | 26.37 1646 
15 |213.067|181.608] 965.318 | 1346.926|.038688 | 25.85 1614 
16 |216.347|184.919] 963.007 | 1147.926].041109 | 24.33 1519 
17 |219.452|188.056] 960.818 | 1148.874|.043519 | 22.98 1434 
18 |222.424/191.058] 958.721 | 1149.779|.045920| 21.78 1359 
IQ |225.255|193.918| 956.725 | 1150.643].048312 | 20.70 1292 


ca 


TABLES AND FORMULAS. 

I 2 3 4 5 6 7 8 

p z g aE H Ww V R 

20 |227.964/196.655| 954.814 | 1151.469|.050696 | 19.73 | 1231.0 
22 |233.069/201.817| 951.209 | 1153.026].055446 | 18.04 | 1126.0 
24 |237.803/206.610) 947.861 | 1154.471|.060171 | 16.62 | 1038.0 
26 |242.225/211.089| 944.730 | 1155.819|.064870| 15.42] 962.3 
28 |246.376/215.293] 941.791 | 1157.084|.069545 | 14.38 | 897.6 
30 = |250.293)/219.261| 939.019 | 1158.280].074201 | 13.48 | 841.3 
32 |254.002/223.021| 936.389 | 1159.410].078839 | 12.68 | 791.8 
34 |257-523|226.594) 933.891 | 1160.485|.083461 | 11.98 | 748.0 
36 |260.883)230.001| 931.508 | 1161.509].088067 | 11.36 | 708. 

38 |264.093/233.261| 929.227 | 1162.488].092657| 10.79 | 673.7 
40 |267.108/236. 386] 927.040 | 1163.426].097231 | 10.28 | 642.0 
42 |270.122/239.389| 924.940 | 1164.329].101794 | 9.826 | 613.3 
44 |272.965|242.275| 922.919 | 1165.194].106345 | 9.403 | 587.0 
46 |275.704|245.061] 920.968 | 1166.029].110884] 9.018 | 563.0 
48 |278.348]247.752| 919.084 | 1166.836|.r15411 | 8.665 | 540.9 
BO |280.904)250.355| 917.200 | 1167.615|.119927 | 8.338 | 520.5 
52 |283.381)252.875| 915.494 | 1168. 369|.124433 | 8.037 | 501.7 
RA 265. 701(255.321|. 013.761 | T169.102].128928 | 7.756) 484.2 
56 |288.111|257.695| 912.118 | 1169.813].133414 17.496 | 467.9 
58 |290.374|260.002] g10.501 | 1170.503).137892| 7.252 | 452.7 
60 |292.575|262.248| 908.928 | 1171.176|.142362| 7.024 | 438.5 
62 |294.717|/264.433| 907.390 | 1171.829|.146824] 6.811 | 425.2 
64 |296.805|266.566| 905.900 | 1172.466|.151277 | 6.610] 412.6 
66 |298.842/268.644| 904.443 | 1173.087|.155721 | 6.422 | 400.8 
68 |300 831/270.674] 903.020 | 1173.694|.160157 | 6.244 | 389.8 
70 |302.774/272.657| go1.629 | 1174.286].164584 | 6.076 | 379.3 
42 |304.669|274.597| 900.269 | 1174.866].169003 | 5.917 | 369.4 
74 |306.526|276.493| 898.938 | 1175.431|.173417 | 5.767 | 360.0 
46 1308. 344|278.350] 897.635 | 1175.985].177825 | 5.624 | 351.1 
78 |310.123|280.170| 896.359 | 1176.529].182229 | 5.488 | 342.6 
80 |311.866|/281.952| 895.108 | 1177.060).186627 | 5.358 | 334.5 
82 |313.576|283.701| 893.879 | 1177-580]. 191017 | 5.235 | 326.8 
84 |315.250|285.414| 392.677 | 1178.09T|.195401 | 5.118 | 319.5 
86 |316.893]/287.096) 891.496 | 1178.592|.199781 | 5.006 | 312.5 
88 |318.510/288.750| 890.335 | 1179.085].204155 | 4.898 | 305.8 


a 


10 TABLES AND FORMULAS. 
I 2 3 4 5 6 
p t g Le 7g WwW 
90 |320.094|290. 373] 889.196 | 1179.569]. 208525 
92 |321.653|291.970| 888.075 | 1180.045]. 212892 
94 |323-183/293.539| 886.972 | 1180.511|.217253 
96 |324.688|295.083] 885.887 | 1180.970].221604 
98 |326.169/296.601| 884.821 | 1181.422].225950 
100 |327.625/298.093| 883.773 | 1181.866}. 230293 
105 |331.169/301.731| 881.214 | 1182.945].241139 
TIO |334.582|305.242| 878.744 | 1183.986].251947 
II5 |337.874|308.621| 876.371 | 1184.992|.262732 
120 |341.058/311.885| 874.076 | 1185.961}.273500 
1S indauane 315.051) 871.848 | 1186.899]. 284243 
130 0 |347.121/318.121| 869.688 | 1187.809}.294961 
135 |350.015]321.105| 867.590 | 1188.695). 305659 
140 |352.827/324.003| 865.552 | 1189.555]. 316338 
145 1355.562/326.823| 863.567 | 1190.390]. 326998 
150 |358.223]329.566| 861.634 | 1191. 200]. 337643 
160 1363. 346/334.850] 857.912 | 1192.762].3588386 
170 = |368.226/339.892| 854.359 | 1194.251|.380071 
180 |372.886/344.708] 850.963 | 1195.671|.4012c1 
199 |377-352/349-329| 847.703 | 1197-.032).422280 
200 |381.636/353.766) 844.573 | 1198.339].443310 
210 |385.759|358.041| 841.556 | 1199.597|.464205 
220 |389.736/362.168| 838.642 | 1200.810}. 485237 
230 |393.575|/306.152| 835.828 | 1201.980|.506139 
240 |397.285/370.008] 833.103 | 1203. 111|.527003 
250 |400.883/373.750| 830.459 | 1204.2009].547831 
260 |404.370|377.377| 827.896 | 1205. 273].568626 
270 1407.7551380.905| 825.401 | 1206. 306]. 589390 
280 |411.048/384.337| 822.973 | 1207.310|.610124 
290 |414.250/387.677| 820.609 | 1208. 286].630829 
300) §=1417.371|390.933| 818.305 | 1209. 238].651506 


7 


V 


4.796 
4.697 
4.603 
4.513 
4.426 


4.342 
4.147 
3-969 
3.806 
3.656 


Bettie! 
3592 
3-272 
2a0OE 
3.058 


2.962 
2.786 
2.631 


2.493 
2.368 


2.256 
2.154 
2.061 
1.976 
1.898 


1.825 
1.759 
1.697 
1.639 
1.585 
I 


TABLES AND FORMULAS. 
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SPECIFIC HEAT OF VARIOUS SUBSTANCES. 


Substance. ots Substance. Se 
PROT arnt en Os! s AON Gnn tees Ve etic cs alec 5040 
SLD IAAEE SH) s 0 moaje She om .2026 ||Steam (superheated)| .4805 
1 ay Sa eee ed engine SG 2a ee ee 2375 
Ces See eer CUE) OS Og ae 2175 
Sil) ak eae re ep BOTTOM TIV GROCER .,.5 dui. so 3.4090 
RAS es ae 20562 I Nitrogen.— : . te. 2438 
ree Fk oie ss ks .0333 ||Carbon Monoxide...} .2479 
WiC 5 ee a ee ae .0314 ||\Carbon Dioxide ....} .2170 


RELATIVE POSITIONS OF CRANK AND 


ECCENTRIC. 
ind oF Kind of Angle Between | Position of Eccen- 
Rakes» locker Arm. Crank and tric Relative 
Eccentric. to Crank. 
-eeparect-2) Direct... ..) 90" =p angle: of 
advance ....| Ahead of crank 
II .| Direct. .| Reversing .| 90° — angle of 
advance ....| Behind crank 
III | Indirect | Direct ....| 90° — angle of 
advance ....| Behind crank 
IV .| Indirect | Reversing .| 90° + angle of 
advance ....| Ahead of crank 


The above table may be applied equally well whichever 


direction the engine runs. 


It is simply necessary to 


remember that to set the eccentric ahead of the crank is 
to set it so that it reaches a given point in its revolution 
before the crank reaches the same point in its revolution. 


\ 


12 TABLES AND FORMULAS. 


STRENGTH OF RIVETED 


Thickness of Material Required. 


Greatest Length 
of Sections Allowable, 
Feet. 


Greatest Length of Sections Allowable, 3 Feet. 


Least Thickness 
of Material Allowable. 


Least Thickness of Material Allowable. 


18 | 20 | eA 21 -22 «22 | 23 .24 | 25) 26 220 28 29 30 | 31 32 | 83 
Diameter of Flues. 
5 5 S 5 ¢e) 6 6 6 6 © ts) 6 6 re © 6 i 
eal cel Salsa] oelesl whles lea boll aah osiae hon pan an 
ai | §o| §o| So] da | SS] S| 2) Se| $S) $5) $2) sa) se) aa pas ees 
SS) eS) eo; es) 85) 45] 85] 85) 45] 85) 25) 85] 25) 55] 85] es) ae 
aks 86 26 25] 35 85 85] 55] 85 &6 55 85 85] 55] 55] 55] 8S 
OO VOTO Poco "161 o hos 1S RS Wes 4hi6 ike sienna mee 
Pounds Pressure Allowable. 
189 SBA eyecare ee me Le i 
1945 ee ard leceere akira aoa oe 5 a 
MOOT LOLs) eee cee tes culls eee leicester fees || ee Soeg Px 
PAD Sako ah Aan Calman ee Alea e los, iets Se Bee aWcnes Sams : 
Pe LOA US Aa Ie rou tiiin teclcOO iment peaeg (are Selaiies ae = oat 
LOM MASS SV SAg) MOG aie iene aah om 2 
904] 194] 189] 187) 172] 158) 147] ... Saetle tice Es Se ig 
feet MOON AOA Ooi eat79 le LOoubel palette eee 3h le as Ailemetneglye pe a 
S04 E199) 203) 2 186i 72h) a1 ON ASG) 130) eee anes |e 2 
S204 21s OS Ss GS) 1A Aas SG Ae een eee ee x 
See Wes 200 A853) 5172/1160, | R50) an ei Sho) ee ed, ech 
ae 2077) 1913) A°78)) 166) 155. | 146) 1388: Sie eee 
wee | 198) 184)) 172) 161158 143i) 135.) d2O en ee 
we LOS L904 173) L6G TSG lS aCe torsos a 
so. | 196] 183) 171) 161) 158} 145) 187) 134) 185; |e 
202 | 189| 177] 167] 157] 149] 141} 135.| 129] 122 
«.. | 194] 182] 172] 162] 154] 146]°189| 1321 196 
200] 187} 177} 167] 159] 150] 143] 187] 130 
-.. | 193:|-182 | 172 1)-163:|- 154] 44°73) tat a a 
woe cons [et8Uy P77 168) 159) 151 aa eee 
... | 182} 172] 168) 155 | 149} 142 
... | 176] 167] 159} 152] 146 
: 172] 163] 156] 150 
Be 167} 160) dae 
we | one) 64: tite 
Ral S 
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OR LAP-WELDED FLUES. 
Greatest Length of Sections Allowable, 30 Inches. 
sa] 
2 Least Thickness of Material Allowable. 
= 
ca 34 | 35 | 36 | {i | 88 | 389 | 40 | AL 42 .43 44 | 45 46 | AZ | 8 49 50, 
¢ 
es 
g Diameter of Flues. 
va) 
2 ye) » » » » wv » p we) re » Pe) » a) » v » 
Pee) cere re ect eie fe 8 fee Ke be) e ee. 
= 38 oe gs se ee 35 35 oS] gS) oh] cS] oh] pS] od! oslo] oe 
= | st] 88| §8| &N| &R| GR] eS] Ss] SR) RB] S| SB] ER] S| EB] sal ss 
BE | 8s] a5] 85] 85) 85| 85] 85] 85] es] 85] 85] 45] 85] 85] 85/ Se] ss 
sS| 88| $8] 55] 83] $8] 83) 85] 85] 55] 85/85] 58] 58) 85] 55] be 
> Se ss SSS hes > > > > > = > > ehealbisce (ssa 
(e) (eo) e) fo) S O° (e) ‘e) .S) e) (e) e) (©) e) eo) © e) 
Pounds Pressure Allowable. 
(37a esl ee Pea BSce ae = ae 
|e eta) a ON ats Sai 
PoOmbelecotdee | SLO. oN nk < bots 
Polproe mle Lee PET | oes, oa 
ESO jo loo toO" 225.) 121) 116) 5... aes 
.89 | 189) 183) 129) 1v4| 119} 115] ... Bats 
ANmit43) 137) 152) 127) 1238.) 148) 1154, .... ware 
44 | 147 | 141) 185 |° 130) 126) 121) 118) 114}. .:. ae 
42-| 151 | 144) 139) 133) 129) 124) 120) 117) 112) ..- ee 
PAS 54) 47) 142) 137) 132) 127) 123) 119) 115) 112)... : Bae 
PAA eA) dod pl4> | 140:) 135 | 130)). 126) 122))'-118)) 115-110) .... ae ee 
45 |. top 1483) 1437) T3888) W838 b29 |124) 121) 147) 218) 110... aa ee 
46 eet d4G 141 136)) 132 |-127) 124.) 120)) 116) 112) 109) =. V0 eae om 
AT a TAQ AAAS Os ops 1o0ae 1263|) teed L184) TLS I 1123) OO ss We gee eee 
48 eA eA SS iio) Aeon eae tO aT 4 a i) LOS yee || sae 
49 Poh bee 14572140 185i) 131) 1277) 123) 1205) 116) 113) td 1084) 8 
-50 ae 143 | 188] 184] 130) 126) 122; 119) 116) 113) 110) 107 
OL a7 4 1B 7\ 1331129) 125) Tei) W185) 112-169 
.02 ene AO Sale tes Lalaeleor Wy dees) MscO meth tah seated let 
.03 Sta 138}184| 129] 126) 128) 119] 116] 113 
.04 a elove ee (tbeSiy teu Wee Peles Pein: 
.0d T3ple 127 | 124) 121) 118 
-06 5 1833) 1807) 126 1231020 
DT 132 | 128) 125°) 122 
"58 131 | 127] 124 
.59 1 SO SL26 
60 reat HE, 
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SPACING OF LINE-SHAFT BEARINGS. 


Distance Between Bearings 
in Feet. 


Diameter of Shaft in Inches. 


Wroughtinen Steel Shaft. 


Shaft. 

2 al 11.5 
3 13 13.75 
4 15 15.75 
3) 17 18.25 
6 ig 20. 

vf 21 22.25 
8 23 24. 

9 25 26. 


CONSTANTS FOR APPARENT CUT-OFFS USED 
IN DETERMINING M. E. P. 


Cut-off. | Constant. || Cut-off. | Constant. || Cut-off. Constant. 
t 566 2 5 Pera $ Oy 
+ .603 4 789 xe . 926 
4 .659 3 347 a 937 
3 108 6 895 cs eye 
4 743 2 904 a 951 


EVAPORATIVE POWER OF COAL. 


The evaporation per pound of coal for Scotch and fire-box 
boilers may be taken as follows: 


Coal per hour per sq. ft. of grate 


apeaso SEomer ys ects ae 6-10 | 10-14 | 14-18 | 18-20 
Pounds of water evaporated per 
pound, of coal. teneen ee 10 9 8.25 | 7.5 


For water-tube boilers add $ pound to the evaporation. 


THE THICKNESS OF BOILER 
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TUBES. 


The thickness of boiler tubes, as required by the Board 
of Supervising Inspectors, is given in the table below: 


Outside 
Diameter. 


24 
24 
3 

3 
3 
34 
4 


Thickness. Bee ae Thickness. 
072 4h .134 
.072 5 .148 
.083 6 .165 
095 7 .165 
5095 8 Koy5) 
O95 9 .180 
.109 10 203 
.109 atta .220 
=L09 12 229 
.120 13 .238 
.120 14 248 
.120 15 209 
.184 16 270 


SATURATION AND BOILING POINTS. 


Saturation. Boiling Point. 
a5 212.0° F. 
ay Rig7e <P. 
2s 214.4° F. 
fy P15.5° F. 
fy 20627. .E. 
a5 217-97 EF. 
fy 219.4° F. 


Saturation. Boiling Point. 
ay 220.3° F. 
ay Py aaa 
35 222.7° FB. 
43 223.8° F. 
4h 225.0". F. 
43 226.1" E. 


At 42 saturation the water becomes saturated; that is, it 
will not dissolve any more matter. 
In the above table, the exact boiling points of sea-water 


at different degrees of saturation are given. 


As water will 
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boil at a temperature varying with the pressure of the 
atmosphere, the boiling points given in the table are correct 
for but one pressure, namely, 30 in. of mercury. 


CONSTANTS USED IN CALCULATING SPEED 
OF VESSELS. 


Alte Speed, 
Description of Vessel. Fore k, 
Under 200 feet -fai wee 9-10 | 200 
Unders200 feetk finewee eae © 9-10 | 230 
Under 200 feet ime 2s 10-11 210 
Under:200 feet, fines... a 11-12 200 
From 200-250 feet, fair..... 9-11 220 
From 200-250 feet, fine....} 9-11 | 240 
From 200-250 feet, fine ....} 11-12 220 
From 250-800 feet, fair..... 9-11 250 
Fron 250-300 feet. fame. 2 11-13 220 
From 250-300 feet, fine’....) 9-11 260 
From 250-300 feet, fine ....| 11-13 240 
From 250-800: feet, fine ....| 13-15~ | 200 
From 300-400 feet, fair.....| 9-11 | 260 
From 300-400 feet, fair.....}| 11-13 240 
From 300-400 feet, fine ....} 11-13 260 
From 300-400 feet, fine ....| 13-15 | 240 
From 300-400 feet, fine ....}| 15-17 190 
A bove400: leet, nne@a > 15-17 240 


To determine whether a vessel is fair or fine, it is usual 
to compare its displacement in cubic feet with the volume 
of a rectangular box having a length equal to the length 
of the vessel on the water-line, a width equal to the 
beam, and a depth equal to the draught of the vessel 
diminished by the depth of the keel. If the displacement is 
.55 of the volume of the box, or less, the vessel is fine; if 
above .55 and less than .70, fair. The quotient obtained by 
dividing the displacement by the contents of the imaginary ' 
box is called the coefficient of fineness. 
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SATURATION AND MANAGEMENT OF FEED. 


The following scheme shows the method of regulating 
the saturation in a boiler containing 100,000 pounds of sea- 
water. The saturation is not to exceed 3: 

Number of 


Pounds of Water 
in Boiler. 


Pounds of 
Solid Matter. 


Evaporated into steam....... 100, 000 3,125 
Fed in to make up at ay..... 100,000 3,125 
Wee itt MONEE cis Gs 6c OE we 100,000 6,250 
POW OULD ay nt Cake bch ol rae 20,000 1,250 
“IESE ites Ewa | oy Se ~ 80,000 5,000 
PCGia I At hates otc sso way ss 20,000 625 
AVWeraic eta tas OME ierg are meh crore tons 100,000 5,625 
Pa pOtAtedis nies Ze os oles 20,000 Steam 
WE RReiMin OWE E 27 2 Soles ales ~ 80,000 5,625 
PRS ed etry perso eis isl oho a Duss 20,000 625 


Witeeiathy MOMET (oss cases ae « 100,000 6,250 


TABLES AND FORMULAS. 
FORMULAS. 


FORMULAS USED IN MENSURATION. 


THE PARALLELOGRAM. 


h = altitude of parallelogram, expressed in any unit; 


6 = base of parallelogram, expressed in same unit; 
A = area of parallelogram. 


A=hb.  (44.) Art. 375. 
ee - 
- (46.) Art. 377. 


THE TRAPEZOID. 
h = altitude of a trapezoid; 
Z = length of one of its parallel sides; 


/ = length of the other parallel side; 
A = area of trapezoid. 


Hey, (=*). (45.) Art. 376. 


THE TRIANGLE. 


A,B,C =the number of degrees in the three angles, 
respectively. 
A =180°— B—-C. 
B= 180°— A—C. (47.). Art S82. 
C= 180° — B.—A. 


A, and 4,=the number of degrees in the two acute 


angles, respectively, of any right-angled 
triangle. 


A, = 90° — B.. 


Bx SQ Ss Al, (48.) Art. 383. 
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a and 6 = the lengths, respectively, of the two short sides 
of a right-angled triangle; 
¢ = length of third side, or hypotenuse. 


CH VOLE (49.) Art. 385. — 
sera) Sa (50.) Art. 385 
b= Ve — a’. -) ee : 


h = altitude of given triangle; 
6 = base of triangle; 
A = area of triangle. 


fee (51.) Art. 386. 
je = 
(52.) Art. 386. 
2A 
— 


THE POLYGON. 


NV = number of sides in any regular polygon. 
PD = number of degrees in each interior angle. 


Ga) -(63.) An) 389: 


Z = length of side of any regular polygon; 

d = perpendicular distance from center of polygon (i.e. 
center of circumscribing circle) to any side; 

JV = number of sides; 

A = area of polygon. 


A=UN —(84.) Art. 390. 


THE CIRCLE. 
a@ = diameter of circle; 
e = circumferences 
A= area: 
Z = length of arc; 
mn = number of degrees‘in arc; 
@= area of sector; 
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a, = area of segment; 
-m, = number of degrees in sector; 
9 ye MA Ue 


card. (55.) Art. 402. 


d =<. (56.) Art. 403. 
Cn 
= (57.) Art. 404. 
A="" — 854d", (58.) Art. 405. 
) A 
d= =a. (59.) Art. 406. 
n, A 
= an (60.) Art. 407. 
a = Vo . 608. (61.) Art. 408. 


THE PRISM, CYLINDER, CONE, AND PYRAMID. 


p = perimeter of the base of the prism, cylinder, cone, or 


pyramid; 
jr= altitude: 
h, = slant height of cone; 
A = aréa of convex:surface: 
@ = area of base; 
A ,= total area of outside surface; 
V = volume. 


Prism and cylinder ViF= aa. 
V = em: 
h 
A=? _ 
Pyramid and cone ) 4,=A-+a. 
eee 


(62.) 
(63.) 


(64.) 


(65.) 


Art. 416. 
Art. 417. 


ATi Ee SOs 


ATONE 2 che 
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FRUSTUM OF CONE OR PYRAMID. 


p = perimeter of upper base of frustum; 
,= perimeter of lower base of frustum; 

A = altitude of frustum; 

h, = slant height; 

a = area of upper base; 

@, = area of lower base; 

A = convex surface; 

A ,= total surface; 

V = volume. 


A =(?42.)s,, 


(66.) Art. 426. 
a A + a + a,. 


V Aleta t aa.) (67.) Art. 427. 


THE SPHERE. 


a = diameter of sphere; 
A = area of surface; 

V = volume; 

Tae AG. 


A=rd’. (68.) Art. 429. 


V= as = .5236 d°. (69.) Art. 430. 


THE CYLINDRICAL RING. 
a = area of cross-section of ring; 
c = circumference of cross-section ; 
D= mean circumference of ring; 
A = convex area of ring; 
V = volume of ring. 


A=De (Z0.) Art. 431. 
V=Da. (71.)— Art. 432. 
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FORMULAS USED IN MECHANICS. 


MOTION AND VELOCITY. 
5 = distance traveled by moving body; 

v = uniform velocity of body; 

i= the time: 


vs =. (72.) Art. 465. 
So (73.) Art. 467. 


(74.) Art. 468. 


CENTER OF GRAVITY. 

w = weight of smaller body; 

W = weight of larger body; 

/ =distance between centers of gravity of the two 
bodies ; ; 

2, = distance from the center of gravity of the two to 
center of gravity of larger body. 


w 
: Z, = Wiw (Z5.) Art. A778. 


THE LEVER. 

P= the power; 

W = the weight; 

a@ =perpendicular distance of power from fulcrum = 
power arm; 


6 =perpendicular distance of weight from fulcrum = 
weight arm; 


@,, @,, @,,.... = power arms of compound lever; 
b,, o,, 0,,.... = weight arms of compound lever. 
P= We: (Z79.) Art. 486. 
PIO KA Cae ee WK OO Ores (8O.) 
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SPEED AND POWER OF PULLEYS. 
D = diameter of driving pulley; 

d = diameter of driven pulley; 

NV = revolutions per minute of driving pulley; 
m = revolutions per minute of driven pulley. 


p=S".  (81.) Art. 496. 
N 
dad = os (82.) Art. AQZ. 
n= as (83.) Art. A998. 
an 

Th TD (84.) Art. 499. 
D,, D,, D,, .... = diameters of driving pulleys; 
d,, @,, d,,.... = diameters of driven pulleys. 


oe = power exerted; 
W = weight lifted 


Wx dxd,xd,X.... 


ioe PP NINE 


eo SODA (85.) Art: 


DDK GLK ie 


GEAR-WHEELS. 
D = pitch diameter of wheel; 


P= piten; 
T = number of teeth. 
PT 
— 3.1416 (86.) Art. 508. 
foe. . (87.) Art. 508. 
p= ae (88.) Art. 508. 


NV = revolutions per minute of driving wheel; 
n = revolutions per minute of driven wheel; 
T = number of teeth in the driving wheel; 

z = number of teeth in the driven wheel. 


501. 


23 
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ae ae (89.) Art. 511. 

2-5" (90.) Art. 511. 

We oe (912) Aces 1k: 
tn 

N= (92.) Art. 511. 


PULLEYS. 
m=number of parts of rope supporting load; one con- 
tinuous rope being used, and free end not counted; 


f= power: 
W = weight lifted. 
WERT. 
jerase (93.) Art. 516. 
Fai, 
THE INCLINED PLANE. ‘ 


Z = length of inclined plane; 
6 = base of plane; 
hk =height of plane; 
Pi Power: 
W = weight. 
When the power acts parallel to the plane: 
Pad 
Poe W = (On eee eter 
When the power acts parallel to the base: 
y Pb 
pel We (95) eee 
THE SCREW. 
? = pitch ofcorew: 
y = perpendicular distance from center of screw to line 
of direction of power; 
P = power: 
W = weight. 
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We Ws 
Os28a27 2x7: 
Gy. 8:2882Pr _ QarP (96.) Art. 521. 
2 ye 


FRICTION ON GUIDES. 
P = total pressure on piston; 
Z =length of main rod; 
7 = length of crank. 
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¢ = coefficient of friction between cross-head and guides; 


f = effort required to overcome friction. 


Pre 
F= _ (97.) Art. 532. 


CENTRIFUGAL FORCE. 

# = centrifugal force in pounds; 

W = weight of revolving body in pounds; 

R = radius of circle described by body in feet; 
NV = revolutions per minute. 


F=.00034WRN*. (98.) Art. 535. 


WORK AND ENERGY. 

F = force required to overcome the resistance; 
S = space through which the resistance acts; 
U = work done in foot-pounds; 
T = time occupied in minutes; 
ff = horsepower; 
W= weight of a body;. 
A = vertical distance the body is raised. 

Cah Sad: (99.) Art. 541. 

fe Ete a 

$39.000 7s 33.000 7- 

W = weight of moving body in pounds; 
v = velocity of body in feet per second; 
i, = kinetic energy of body in foot-pounds. 


a= es (100.) Art. 545. 


Art. 543. 
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BELTS. 


D = diameter of one pulley; 
D,= diameter of other pulley; 
L = distance between shafts; 
B = length of open belt. 


B=3h (-+>) 4+2L. (101.) Art. 551. 


W = width of single belt in inches; 
W,= width of double belt in inches; 
H = horsepower transmitted by belt; 
S = speed of belt in feet per minute. 


800 


w=. 102.) Art. 552. 
Ws 
B00 (LOS...) Art 553. 
W = 2 Ww. (104.) Art. 555. 


HORSEPOWER OF GEARS. 
p = pitch of teeth of gear (breadth of face is 24 to 3f); 
s = speed of point on pitch circle in feet per minute; 
Hf = horsepower transmitted by gear. 


i6 RSA as (105.) Art. 557. 


LIQUID PRESSURE. 


a = area of a submerged surface in square inches; 

d = distance in inches of center of gravity of surface from 
surface of liquid; 

w = weight of a cubic inch of the fluid in pounds; 

f= pressure on surface of liquid, pounds per sq. in. ; 

/= total pressure on submerged surface in pounds. 


=a(dw+p). (106.) (107.) (108.) Arts. 565-572. 
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VOLUME AND PRESSURE OF GASES. 


fp =original pressure; 


v = original volume; 
pf; = final pressure; 
v, = final volume. 
fae 
ee (109.) Art. 594. 


z, =" (110.) Art. 595. 


STRENGTH OF BARS IN TENSION. 


W = safe load in pounds; 

A = area of minimum cross-section in square inches; 

S =working stress in pounds per square inch (see 
table of Tensile Strengths of Materials). 


W=AS. (411.) Art. 626. 


pe ae (112.) Art. 626. 
W 
Sa. (113.) Art. 626. 


STRENGTH OF CHAINS. 


W = safe load in pounds for stud-link chains; 
W, = safe load in pounds for close-link chains; 
D = diameter of iron from which link is made, inches. 


W = 18,000 D*. (114.) Art. 628. 
W, = 12,000 D*. (115.) Art. 628. 


STRENGTH OF ROPES. 


C = circumference of hemp rope in inches; 
W = maximum working load in pounds. 


W = 100 C?. (116.) Art. 630. 
C= yy. (117.) Art. 630. 
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C =circumference of wire rope in inches; 
W= maximum working load in pounds; 

k =constant: 600 for iron; 1,000 for steel; 
¢ =constant: .0408 for iron; .0316 for steel. 


WEG (118.) Art. 633. 
C=c VW. (119.) Art. 633. 


STRENGTH OF PILLARS. 

C=crushing strength in tons per sq. in. (see table of 
Crushing Strengths of Materials) ; 

S = sectional area in inches; 

i =length in inches; 

d = least thickness of rectangular pillar, or diameter of 
round pillar, in inches; 

W = breaking load in tons; 

a = constant (see table of Constants for Pillars). 


Wa Eee, - pone eres 


STRENGTH OF BEAMS. 

@ = depth of beam in inches; 

zw = width of beam in inches; 

d, = diameter of cylindrical beam in inches; 

LZ =length between supports in feet 

= distance between load and fixed end, in the case of 

cantilevers. 

S = safe transverse strength (see table of Constants for 
Transverse Strength of Beams). 

W = safe load in pounds. 


Cantilevers. (Load at End.) 


a*wS 

W= + (122.) Art. 642. 
6a5S 

W= 2 (123.) Art. 643. 


=e 
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If the load is distributed uniformly, multiply the results 
obtained from formulas 122 and 123 by 2. 


Beams Supported at the Ends. 


he 
Woods 24.) Art 64a. 


ae 6S 
025) Ar 645. 


If the load is uniformly distributed, multiply the results 
obtained by 2. 


SHEARING STRENGTH OF MATERIALS. 


@ = area of cross-section in square inches; 

>i— sate shearing stress fsee: table of 
Strengths of Materials); 

W = safe load in pounds. 


Shearing 


VF = as: (126.) Art. 649. 


LINE SHAFTING. 

D = diameter of shaft; 

R= revolutions per minute; 

H{ = horsepower transmitted; 

C = constant (see table of Constants for Line Shafting) 


== 2s (127.) Art. 653. 
R= oe (128.) Art. 654. 
CH 


D=% ae (129.) Art. 655. 
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FORMULAS USED IN STEAM AND STEAM 
BOILERS. 


SPECIFIC HEAT. 

= weight of body in pounds; 

= temperature before heat is applied; 

temperature after heat is applied; 

= specific heat of body; 

= number of B. T. U. required to raise temperature of 
body from ¢ to ¢,. 


C= ¢W(e— ty (130.) Art. 667. 


Serer 


TEMPERATURE OF MIXTURES. 


W, W,, W,,.... = weights of the several substances, re- 
spectively ; 

€5-€;,'Cay sos EU Specifie: Gheats of the [ounstamece see 
spectively ; 

t,t, lyse. - == temperatures of othe soubetances. t.- 
spectively; 

L = final temperature of mixture. 


Pe | ide ay + wet... - 
WC WUE) a WUE ees 


(131.) Art. 670. 


Mixture of Steam and Water. 


W = weight of steam in pounds; 

w = weight of water in pounds; 

z, = temperature of steam; 

z = temperature of water; 

T = final temperature of mixture; 

£ =latent heat of steam at the given temperature. 


‘ip vs 3) 
pa WE+t)twe 


Waa (132.) Art. 671. 
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PROPORTIONS OF RIVETED JOINTS. 

p =pitch of rivets in inches; 
Pm = Maximum pitch allowable; 

mx =number of rows of rivets; 

fa = Uagonal pitch in inches; 

@ = diameter of rivets in inches; 

TZ = thickness of plate in inches; 

V = distance between rows of rivets in inches; 

/ = distance from center of rivet to edge of plate in 

inches. 


When plate and rivets are iron, for single-riveted lap joints: 


a@=T+ 3". (132a.) Art. 7160. 
For double-riveted lap joints: 
a=T+ j,". (1320) Art. 7162 
When plate and rivets are steel, for single-riveted lap joints: 
Zt (1 322.) Art. 7168. 
For double-riveted lap joints: 
d= T+ 2’. (1322.) Art. 7160. 
For iron plates and iron rivets: 
pee ed (1322) Art. 7160. 


For steel plates and steel rivets: 

23 xX .1854a" 2 
ae 28 

For all kinds of joints and material: 


B= 15d. (132g.) Art. 7160. 


For double chain-riveted lap joints: 


Bey (132f) Art. 7168. 


a= wes 1 (4324.) Art. 7168. 


For double zigzag-riveted lap joints: 


ya VA Ee) Pe *2)  (g g27) Art. 7166. 


10 
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Lo igs (1327.)- Art, Z1Ge. 
For a single-riveted lap joint: 

Diet altel (1324.) - Arto7 Ge. 
For a double-riveted lap joint: 


Pm = 2.62 T+ 18". (A322; ) Carts ZaGe 


STRESS IN STAYS. 

A = area in square inches supported by a stay (whether 
screw stay, staybolt, or stayrod) ; 

B = the cross-sectional area of the stay in square inches 
(corresponding to diameter at bottom of the thread, 
if the stay is screwed) ; 

P=steam pressure in pounds per square inch; 

LZ = load on the stay in pounds; 

S = stress*per square inch of cross-section of the stay ; 

S, = total allowable stress on a stay; 

iM = legal stress per square inch of cross-section of the 
Stay, ; 

A,= total area to be supported in square inches; 

JV = number of stays. 


EP. (133) “Art, 728. 


Sa. (134.) Art. 728. 

Sb (1342a.) Art. 728. 
BM 

P=. (135.) Art. -728. 
ee 

Nao (1352.) Art. 728. 
t 


PALM STAYS. 


6 = distance in inches from boiler head to intersection of 
the center line of the palm stay with the shell; 

/ = length of the palm stay in inches, measured between 
head and shell along the center line of the stay; 
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ie : Bas! 
A = area supported by the stay in square inches; 
/P = steam pressure in pounds; 


M = \egal stress per square inch of cross-section of the 
stay. 


L=*AP.  (138b.) Art. 7294. 


Bua 
P= 4 Xay é (iS Se )r Att. 7 29c; 


STRENGTH OF STAYED SURFACES. 

P= working pressure in pounds per square inch; 

¢t = thickness of plate in sixteenths of an inch;* 

a = pitch of stays (arranged as in Fig. 186, Art. 727). 

When fitted with either screw stays, staybolts and nuts, 
or socket staybolts, and the surfaces are those of fire-boxes, 
furnaces, or back connections, we have: 


When the plates do not exceed {,” in thickness: 


112 7° 
PS ora (P5G.)> Ati. 730; 
/112¢ 
ol (ESS Acte 7S: 
And when the plates exceed ;',” in thickness: 
120 2 z , 
i se (ies 72). Art. /Z30. 


— (138.) Art. 731. 


When the surfaces are other than those mentioned above, 
and stayrods with screwed ends are used, having nuts inside 
ana out, as in Fig. 180, Art. 722, we have 


1407? 


ie ares (139.)~ Act. 732. 


*Notre.—In the following formulas—136 to 140—the symboi 7? 
means ‘“‘the square of the number of sixteenths contained in the 
thickness of the plate.” Thus, if the plate is 3” thick, there are 
6 sixteenths in its thickness, and, therefore, 7 = 6? = 36. 
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When the conditions are the same as for formula 139, 
excépt that the stayrods are provided with a square washer 
riveted to the head and having a thickness not less than half 
that of the plate, and the length of the side not less than 
seven-eighths of the pitch of the stayrod, formula 140 may 
be used, taking ¢ at 80% of the combined thickness of plate 
and washer. Also, whena stiffening plate equal in thickness 
to at least half that of the head is used and securely riveted 
to the head, and when double angle irons riveted to the plate 
with stayrods between them and legs having a thickness not 
less than two-thirds that of the plate, and a depth of not 
less than one-quarter of the pitch of the stayrods, are used, 
80% of the combined thickness is to be taken as the value 
of ¢; the working pressure allowed is then given by 


200 2 


P= (140.) Art. 733. 


BOILER FLUES. 


Smoke Flues. 


P=working pressure in pounds per square inch, given in 
Table 27, corresponding to diameter and thickness 
of flue; 

£ = corresponding length of sections of flue in above table; 

P, =the required working pressure in pounds per square 
inch; 

L, = actual length of sections of flue. © 


Notrr.—Z and 7, are to be measured between centers of circular 


seams. 
1295 
oie S 
Me Den 3b 7 


1 


(141.) Art. 736. 


Furnace Flues. 
D = diameter of flue in inches; 
7 = thickness of flue in decimals of an inch; 
/, = length of flue in feet (not to exceed 8 feet); 
/ = working pressure in pounds per square inch. ” 


Pe en (1 4225 Atiecred Se 
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In furnaces made up in sections with flanged ends [see 
Fig. 190 (4), Art. 740], Z is to be taken as the length of 
each section, if not more than 8 feet; where each section is 
strengthened at equal intervals by angle-iron rings [Fig. 
190 (4)], Z is to be taken as the length of one of the portions 
into which the section is thus divided. Thus, if each sec- 
tion were 6} feet long, and a strengthening ring were fixed 
midway between the ends, the value of Z would be taken as 
34 feet. If the section were 10 feet long and two rings 
were used (equally spaced), Z would be 1,° = 34 feet. 

When the flues are strengthened with half-round rings 
[Fig. 190 (C)], we have 


67,200 7? 


P= (143.) Art. 743. 


Lis to be taken in the same way as in previous rule. 


Corrugated and Ribbed Furnace Flues. 


T = thickness of flue in decimals of an inch; 
D= mean diameter of flue in inches; 

P= working pressure in pounds per square inch. 
14,000 7 


ee (144.) Art. 746. 


at 7 


Nore.—For corrugated flues 2 is to be taken as the outside 
diameter measured over bottom of corrugations, and in the case of 
ribbed flues, V is to be measured (outside) over the flat part of flue. 


MORISON SUSPENSION FLUE. 


The symbols having the same meaning as in the previous 
rule, and taking for D the outside diameter over the bottom 
of the corrugations, we have 


pee er 44c.) art. 7462. 


VD; 
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HEADS OF BOILER OR STEAM DRUMS (UNSTAYED). 


Bumped Heads. 


P= working pressure in pounds per square inch; 

T = thickness of head in inches; 

R=radius in inches to which the head is bumped or 

dished ; 

A = area of flat head in square inches; 

S = tensile strength of material in pounds per square inch. 

When the concave or hollow side is subject to the steam 
pressure (Fig. 193 (a2), Art. 7477), and the head is single 
riveted to the shell: 


aS 
Dp es y, 
a BR: (P45 .)" ArtaZ47- 
When the head is double riveted to the shell: 
ES 
5 (145.). Arte 7472; 


When the head is reversed, the hollow side being set out- 
wards, away from the steam [Fig. 193 (4)], and the head is 
single riveted to the shell: 


LS 
[aaa = y 
JP ze BR (146.) Art. Z48. 
When the head is double riveted to the shell: 
HES 
i sees y, 
[P= HR (146.) Art. 748. 
For flat unstayed heads: 
LS 
— Rea: (4 47.,) Art. ZAOY. 


When these heads are stayed, the working pressure may 
be found by means of rules 135c and 139. 


BOILER SHELLS. 
Y= thickness of plate of cylinder or boiler in inches; 
A = internal radius in inches; 
S = ultimate tensile strength of the material; 
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/, = bursting pressure in pounds per square inch; 
P = safe working pressure in pounds per square inch. 


ToS 
Pees (148.) Art. 752. 


R 
For boilers with single-riveted longitudinal seams, the 
value of Pis fixed by law, thus: 
TSS. 
y ne SR: 
For boilers with double-riveted longitudinal seams, the 
value of P by law is: 
iS: 
R= ER: (150.) Art. 754. 
The above rules assume that none of the rivet holes are 
‘punched, and also that corresponding holes match fairly 
without any drifting. 


(149.) Art. 753. 


SAFETY VALVES. 


A = area of the valve in square inches; 

PD = distance in inches from center line of valve to ful- 
crum; 

L = distance in inches of weight from fulcrum; 

P = steam pressure in pounds per square inch; 

V = weight on the lever in pounds; 

w —= weight of valve and stem in pounds added to the 
downward pressure due to weight of lever. 


Norte.—By ‘the area of a safety valve” is meant the area of that 
part which is exposed to the steam pressure when the valve is seated. / 


WL 
0) eee 
er L512) Art. 767. 
= (182: Art. 767. 
ee) (1 53.) Act. 768. 


fy 
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SATURATION AND THE SALINOMETER. 


Testing the Water in Boiler. 


A = boiling point of water tested; 

B = product of the number of tenths of an inch variation 
in the height of barometer and .16; this product to 
be subtracted when the barometer is above 30 in., 
and added when below 80 in. ; 

S = the degree of saturation of the water. (.S will be the 
numerator of the fraction expressing the saturation. ) 


(A+B) = 312 
1.2 


oe (154.) Art. 817. 


Amount of Water To Be Blown Off. 


A = weight of water to be blown off in pounds; 

#& = numerator of fraction expressing the saturation of A; 
C = weight of feed-water in pounds; 

D=npmerator of fraction expressing the saturation 


Ore: 
& = weight of water evaporated, corresponding to C. 
Cw 
Oa Ne PR (155.) Art. 820. 
if | 
pees (> us i). (156.) Art. 820. 


Loss of Heat Due to Blowing Off. 


A = total heat (reckoned above the temperature of the 
feed) imparted to the amount of water converted 
into steam for 1 pound of water blown off; 

& =number of B. T. U. lost in blowing off 1 pound of 


water; 
L = percentage of heat lost. 
roe 100 B 


ae (157.) Art. 822. 
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COMBUSTION. 


Particulars of Combustion. 


Evaporation. 

C =the number of parts of carbon contained in 100 
parts of a given fuel; 

ff =the number of parts of hydrogen contained in 100 
parts of the same fuel; 

A =the number of cubic feet of air required for the 
combustion of a pound of the above fuel; 

L = heat of combustion of a pound of the fuel in B. T. U.; 

W = number of pounds of water at 212° evaporated by a 
pound of the above fuel. 


A=1.52(C4+3 4H). (158.) Art. 838. 
B= 145 C+ 6207. (159.) Art. 839. 
B 
ee eee 
W= =. (160.) Art. 839. 


Rate of Combustion Under Natural Draft. 


W=maximum weight (in pounds) of coal burned per 
square foot of grate area per hour; 
HT = height of smokestack in feet. 


Nore.—The height of smokestack is the perpendicular distance 
between the top of the stack and the top of the grate. 


Anthracite coal burning under the most favorable con- 
ditions: 


W = 24 H —1. (161.) Art. 853. 
Anthracite coal burning under ordinary conditions: 
W=1.57 H—1. (162.) Art. 853. 
The best semi-anthracite and bituminous coals: 
W = 2.25 7 H. (163.) Art. 853. 
Ordinary soft coals: 


W=3V7 H. (164.) Art. 853. 
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GRATE AREA AND HEATING SURFACE. 


G = area of grate misquare feet; 

H = area of heating surface in square feet; 

F = rate of combustion in pounds per square foot of grate 
area per hour; 

WV = weight of steam generated by boiler per hour; 

FE = pounds of water evaporated per pound of coal per 
hour; 

R =ratio of heating surface to grate area; it is from 
30 to 35 for Scotch or fire-box boilers, and from 35 
to 40 for water-tube boilers. . 


ce pie (165.) Art. 900. 
HERG 2 L6G) a Nout 


EVAPORATIVE POWER OF BOILERS. 


W = the actual evaporation; 

W, = equivalent evaporation from and at 212° F.; 

ff = total heat of steam above 82° F>-at pressure of 
actual evaporation; 

¢ = observed temperature of feed-water. 


wy. WAH = t +32) 
ie 966.1 


(167.) Art. 927. 


QUALITY OF STEAM. 


W= weight in pounds of cold water, into which the 
steam to be tested is run; 

w = weight of steam (including any water carried over 
by it) that is run in; 

¢ = temperature of steam corresponding to the observed 
pressure ; 


¢, = original temperature of the water II’; 
¢, = temperature of the mixture et Si he steam is con- 
densed; 
4 ‘ 


\ 


4 
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/=latent heat of a pound of steam at the observed 


pressure ; 


x = the portion of the weight w that is dry steam; 
; o5 
O =the quality of the steam = —. 
w 
‘Then, 


es Te 
Q= = = +[5 (¢,-4,)-—(¢- 1) | (168.) Art. 929. 


~~ 


FORMULAS USED IN STEAM ENGINES. 


WORK DONE BY PISTON. 
f = net pressure on piston in pounds per square inch; 
V = volume in cubic feet displaced by piston (= area of 
piston X length of stroke); 
W = work done during one stroke. 


Wa 1442 V. (169.) Art. 937. § 9. 


REAL AND APPARENT CUT-OFFS. 


§ = apparent cut-off; 


k = real cut-off ; 
z = the clearance, expressed as a per cent. of stroke. 


lea ae ; 
b=; (170.) Art. 994. § 9. 


SLIP. 


P= percentage of slip; 
V = velocity of issuing stream in regard to the vessel; 


V,= velocity of vessel. 


ioe (L710 3).1 Art: LOOL. § 9. 


\ 
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CENTER OF PRESSURE IN A PADDLE WHEEL. 
P =distance of center of pressure from outer edge of 
buckets in inches; 
a@ = mean depth in inches of buckets wholly immersed; 
6 =number of buckets so immersed; 
¢ = mean depth in inches of buckets partially immersed; 
@ = number of buckets so immersed; 
PD =diameter of wheel, measured over outer edge of 
buckets; 
D,= effective diameter. 


_aosed (a)) 
— 8(64a) (172.) Art. 1003. § 9. 
D,=D—2P. (6) 


ROLLING CIRCLE OF PADDLE WHEEL. 


S = distance moved by the vessel in feet; 

R = number of revolutions of the wheel made while vessel 
moves through above distance; 

D = diameter of rolling circle. 


SS 


= 31416 R” (173.) Art. 1008. § 9. 


THRUST. 


Theoretical Thrust. 


W = weight of stream projected from the vessel (whether 
by paddle, screw, or jet); 

V = its velocity, in regard to the surrounding water, in 
feet per second; 

£ = 32.16, a constant; 

7 = the theoretical thrust. 


WV 


T=“. (174) Art. 4018, § 9. 
: 018. 
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Indicated Thrust. 


HT = indicated horsepower of the engines; 

P = pitch of screw propeller in feet; 

D,= effective diameter of paddle wheel in feet; 
KR = revolutions per minute; 

7, = indicated thrust. 


For screw steamer: 


33,000 77 
T= ae CZs.) Ott LOSI. § 9. 


For paddle steamer: 


33,000 77 


eee SY OBS “a (176.) Art. 1023. § 9. 


SPEED OF WESSELS. 


Indicated Horsepower and Speed of Vessel. 
ff = indicated horsepower ; 
W = displacement of vessel in tons; 
& =a constant (see table of Constants for Speed For- 
mulas) ; 
by speed in knots: 


38/72 
s Z de (177.) Art. 1028. § 9. 


lor 


Revolutions of Engine and Speed of Vessel. 


R = revolutions per minute for a given speed; 
See wrven gpeed 5 
R, = required revolutions per minute; 
S, = required speef. 
VERS: : 2 
Gs = =e (178.) Art. 1030. §9. 
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HORSEPOWER OF ENGINES. 
Hf, = required indicated horsepower ; 
R, = revolutions per minute at the required horsepower; 
HT = given indicated horsepower ; 
R = revolutions per minute corresponding to it. 


arly 
(fe ares (179.) Art. 1032. §9. 
INDICATED HORSEPOWER. 
I. H. P. = indicated horsepower of engine; 


P= mean effective pressure (M. E. P.) in pounds 
per square inch; 

Al = area of piston in square inches; 

i, = length of stroke in feet: 

JV = number of strokes per minute. 


PLAN 


I. H. P. = ae 
33,000 


(180.) Art. 1067. §10. 


MEAN EFFECTIVE PRESSURE. 
p = gauge pressure ; 
k& = aconstant corresponding to the apparent cut-off 


(see table of Constants for pee: Cut-Offs) ; 
M. E. P.= mean effective pressure. 


M. BE. P.=.9 [A(p + 14.7) — 17). (181.) 
Art. 1068. § 10. 


PISTON SPEED. 
/ = length of stroke in inches; 
A = number of revolutions per minute; 
S = piston speed in feet per minute. 


OER 
Sa (182.) Art. 1069. § 10. 
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MECHANICAL EFFICIENCY OF ENGINE. 

I. H. P.= indicated horsepower, or total horsepower devel- 
oped; 

Friction H. P. = horsepower absorbed in overcoming the 
frictional resistance of engine itself; 

Net H. P. = the net horsepower}; that is, the horsepower 
remaining for the performance of useful work = I. H. P. — 
Friction H. Po: 

£,, = mechanical efficiency of engine. 


Nee Her. 


ee ee (RSS. rer LOZ. $10. 


STEAM CONSUMPTION. 


Z =distance in inches between two points on the 
diagram, one on the expansion line and the other on 
the compression line, both equally distant from ‘- 
vacuum line; 

a@ = pressure of steam at the above points; 

W = weight of a cubic foot of steam at the above pres- 
sure; 

£ =\length of diagram in inches (as ¢#, Fig. 320, Art. 
107A); 


Q = steam consumption in pounds per I. H. P. per hour. 


13,750 7 W. 


Q= PL (184.) Art. 1078. § 10. 


THERMAL EFFICIENCY OF ENGINE. 


T,= absolute temperature of steam on entering the cyl- 


inder; 
7,= absolute temperature of steam on leaving the cyl- 
inder; 
E, = thermal efficiency. 
eee 
i = Art. 1081. § 10. 


—— Tf. . 


1 
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WATER REQUIRED FOR CONDENSATION. 

¢, = temperature of departing condensing water; 

¢, = temperature of entering condensing water; 

¢, = temperature of condensed steam upon leaving con- 
denser; 

fT = total heat of vaporization of one pound of steam at 
the pressure of the exhaust. (This may be obtained 
from column 5 of the table of Properties of Saturated 
Steam. ) 

W= number of pounds of water required to condense a 
pound of steam. 

ve ee (185.) Art. 1096. § 10. 
1 2 
RATIO OF EXPANSION. 

eé =ratio of expansion in high-pressure cylinder; 

& = total ratio of expansion; 

v = volume of cylinder receiving steam from boiler; 

V =volume of cylinder exhausting into atmosphere or 


condenser. 


poe (186.) Art. 1103. § 10. 


U 


FEED-WATER. 
@ = numerator of the fraction expressing the saturation 
at which the boiler is to be worked; 
6= net feed-water per stroke in cubic inches; 
¢=gross feed-water (i. e., the quantity of water per 
stroke of the feed-pump). 


b 
ca.  (187.) Art. 1155. § 10. 


FORMULAS USED IN RECENT DEVELOPMENTS 
IN MARINE ENGINEERING. 


REFRIGERATING CAPACITY. 
/’= refrigerating capacity; 
if =B.7T. U abstracted in 24 hours. 
ee 
~ 288,000" 


? 


Art Ow, S12. 
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RULES AND FORMULAS USED IN DYNAMOS 
AND MOTORS. 


DIRECTION OF LINES OF FORCE AROUND A CONDUCTOR. 

Rule.—// the current ts flowing in the conductor away 
Srom the observer, then the direction of the lines of force will 
be around the conductor in the direction of the hands of a 
watch. Art. 26. § 28. 


TO DETERMINE THE POLARITY OF A SOLENOID. 


Rule.—/n looking at the end of the helix, tf it 1s so wound 
that the current circulates around the helix in the direction of 
the hands of a watch, that end will be a south pole; tf in the 
other direction, it will be a north pole. Art. 2. § 28. 


RESISTANCE OF CONDUCTORS. 


Let 7, = the original resistance of a conductor; 
yr, =the changed resistance; 
/, = the original length; 
/, = the changed length; 
a, = the original sectional area; 
a, = the changed sectional area; 
D = the original diameter; 
@ =the changed diameter; 
e = temperature coefficient ; 
¢ =rise or fall in temperature, degrees Fahrenheit. 


For a change in the length of a conductor: 


r= (te) Art. 40. §.28. 
For a change in the sectional area of a conductor: 


r=. (2.) Art. 41. § 28. 
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For a change in the diameter of a conductor: 
fe (3.) Art. 42. § 28. 


For a rise in the temperature of a conductor: 
Pe Wee ye (4.) Art. 46. § 28. 


For a fall in the temperature of a conductor: 


pees ED. (5.) Art. 47. § 28. 


RESISTANCES AND TEMPERATURE COEFFICIENTS OF 
DIFFERENT METALS. 


. esis ae Relative Mieaipenswcs 
NERO We ES Resistance. | Coefficient 
Cain ; 
Silver, antiéaled.. 22. 4- .5921 I .000 | .002094 
Copper, annealed=s a. .6292 140635) yrad2tee 
Silver, hard-drawn.... 0433 1.086 .002094 
Copper, hard-drawn... -6433 r.086.. |. goeznsy 
Gold, anwealeda.. yeas .8102 1.369 .002028 
Gold, hard-drawn..... .8247 F303 .002028 
Aluminum, annealed. .| 1.1470 ESORC TA, Me aes eee 
Ditic pbesced auamtt = 2. 2150 20 ar .002028 
Platinum annealed...4i— a esehom: G.OPt ih ae heres 
Tronpraniealed eens 219250 (0, 6 Alig | Me ee Tees 
Nickel annealed? = 7s... 4.9070 Eee ee Get 0 
‘Tink iprescede aaa. 5.2020 8.784 | .002028 
Lead, pressed ean saas, 7.7280 13.050 .002150 
Gérman Silver. 33. ov .| 8.2400 13.920 | .000244 
Antimony, pressed....| 13.9800 23.600 .OO2161 
Mercury. san cena 37.1500 62.730 . 000400 
Bismuth, pressed...... 51.6500 87.230 .001967 


e 


TABLES AND FORMULAS. 49 


CURRENT STRENGTH, ELECTROMOTIVE FORCE, AND 
RESISTANCE. 
Let C= strength of current flowing in a closed circuit; 
& = electromotive force; 
#O= resistafice. 


Rede cke 
a = R (6.) Art. 61. N 28. 
E Q 
R=>. (Z.) Art, 62. § 28. 


fo © hee (85) Art 63. 828. 


TO FIND THE AWAILABLE ELECTROMOTIVE FORCE 
IN A CELL. 


Let # = the total generated E. M. F.; 
E' = available E. M. F. when the circuit is closed; 


C =the current flowing when the circuit is closed; 
7, = the internal resistance of the cell. 
) eh ey Oe (9:),. Art. 67... § 28. 


THE CURRENT AND RESISTANCE IN BRANCHES OF 
DIVIDED CONDUCTORS. 


ete 7 tesistance. of first branch; 
.”, = resistance of second branch; 
y, = resistance of third branch; 


c, = current in first branch; 

¢, = current in second branch; 

C =sum of the currents in the two branches; 

R’ = joint resistance of two branches in parallel; 
R' = joint resistance of three branches in parallel. 


(G8 z 
ge ae A) ONE ESS Sey 
es Te + TFs Le ) ated : 
fixe Weg (11.) Art. 69. § 28. 
ee Ais 
VEE 2 
Rees a Art. a 1S er 
: Ti, ae eg oe ‘ ) AA , 


Bier Bh n(ES\ Art 72. 8 28. 
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ELECTRICAL QUANTITY. 


Let Q = quantity of electricity in coulombs; 
C = current strength in amperes; 
i = time in seconds. 


Q= Ct. (14.) Art. 7645822: 


ELECTRICAL WORK AND POWER. 


J =electrical work in joules; 
F. P. = work in foot-pounds; 
Q =dquantity of electricity in coulombs; 
C. += current insamperes: 
¢ =time in seconds during which the current flows: 
= potential, or HaMor< of ciremice 
‘RO = resistance of-eircnit: 
W = power in watts; 


H. P. = horsepower. 


J=CEt. (15 Art/78. § 28. 


J=CRt. (16.) Art. 78. § 28 
eal, 
==, .  (17.) Art. 78. § 28 


F.P. =.7373 7. —(18.) Art. 79. § 28. 
W=CE. (19.) Art. 80. § 28. 
N 


W=CR. (20.) Art. 80. § 28. 

E? 
Was 21.) a SO 
hee ee 22.) Art. 81. § 28 
: a TAG" ( <) FU. e § 28. 


W SariePo V 46: (23.) Art. 82. § 28. 
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TO DETERMINE THE DIRECTION OF THE CURRENT 
GENERATED IN A CONDUCTOR. 

Rule.—/flace thumb, forefinger, and middle finger of the 
right hand so that each will be perpendicular to the other 
two; tf the forefinger points in the direction of the lines of 
force and the thumb points tn the direction towards which 
the conductor 1s moving, then the middle finger will point in 
the direction towards which the current generated in the con- 
ductor tends to flow. Art. 8. § 29. 


DETERMINATION OF ELECTROMOTIVE FORCE. 
Let £ =maximum electromotive force obtained at the 
brushes; 
WV = total number of lines of force passing from north 
pole through the core to the south pole; 
S = number of outside wires on the periphery through 
which the current flows 727 series; 
n =number of complete revolutions per second of 
core: ; 
PIS 


E="—— (i) bre 2 300529. 


TO DETERMINE THE DIRECTION OF MOTION IMPARTED 
TO A CONDUCTOR. 


Rule.—Place thumb, forefinger, and middle finger of the 
left hand each at right angles to the other two; tf the fore- 
finger points in the direction of the lines of force and the 
middle finger points in the direction towards which the cur- 
rent flows, then the thumb will point in the direction of 
movement imparted to the conductor. Art. 26. § 29. 


EFFICIENCY OF A DYNAMO. 
Let / = input of a dynamo; 


O = output; 
E = efficiency, per cent: 
pa (a)--Art. GO. § 29. 


V4 
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PER CENT. LOSS IN A DYNAMO. 


Let = percent, toes; 


Hema Gay oy Wyse 
O= output. 
O02 Oyn 
ie pals) (3.) Art. 61. § 29. 


When the output and efficiency are given: 


100 x O 


a rl an (4.) Art 62. §.29: 
When the input and efficiency are given: 
ee 
= 100° (5.) Art. 63. § 29. 


HORSEPOWER, TORQUE, AND NUMBER OF REVOLUTIONS 
Z OF MOTORS. 


Let: H. P. = horsepower; 


I> = tOro les 
S = number of revolutions per minute. 
H. Pe= 0001004 7S. (3.) Art. 62. § 30. 
HP: 
Si => 9001904 7” (4.) Art. 62. $ 30. 
Ho P: 


INDEX. 


TABLES. 


Specific Gravities and Weights per 
Cubie Foot . 
Coefficients of Friction 3 
Tensile Strength of Materials 
Crushing Strength of Materials 
Shearing Strength of Materials . 
Constants for Line Shafting 
ts ‘“S Wrought-Iron Pillars 
5 “Cast-Iron Pillars 
Wooden Pillars 
Transverse Strength 
of Beams 
Properties of Saturated Steam 
Specific Heat of Various Sub- 
stances c 
Relative Positions at erg el 
Eccentric 
Strength of Rivets 6 or Lapewrewied 
Flues 
Spacing of Line- Shaft Reanings 
Constants for Apparent Cut-Offs 
in Determining M. E. P. 
Evaporative Power of Coal 
Thickness of Boiler Tubes 
Saturation and Boiler Points . 
Constants Used in Calculating 
Speed of Vessels 3 
Saturation and Manaieent of 
Feed 


“ ee 


we 19 


FORMULAS. 


FORMULAS USED IN MENSURATION. 
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